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Reliability of common femoral artery
hemodynamics in assessing the severity of
aortoiliac inflow disease
Wael E. Shaalan, MD, Eileen French-Sherry, RVT, Maria Castilla, RVT, Laurie Lozanski, RVT, and
Hisham S. Bassiouny, MD, Chicago, Ill
Objectives: We investigated the utility of color duplex ultrasound (CDU)–derived common femoral artery (CFA)
hemodynamics for detecting significant aortoiliac occlusive disease and predicting its severity.
Methods: From January 1997 to June 2001, 132 consecutive patients with lower extremity arterial insufficiency underwent
both femoropopliteal CDU scanning and aortography with runoff studies. CDU-derived CFA waveform contour
(monophasic, biphasic, or triphasic), peak systolic velocity (PSV), and acceleration time were recorded for each patient.
Severity of aortoiliac occlusive disease was classified by arteriography into three distinct groups: normal or minimal
disease (<50%, group 1), significant focal or diffuse stenoses (>50%, group 2), or total occlusion (group 3). Using
probability and receiver operating characteristic curve analysis, waveform contour and PSV were compared alone and in
combination with the arteriographic groups to identify waveform contours and threshold PSV, which may accurately
differentiate the three categories of aortoiliac occlusive disease.
Results: Of 214 limbs available for study, 112 composed group 1, 70 composed group 2, and 32 composed group 3.
Concomitant femoropopliteal disease was present in 47% of limbs in group 1, 53% of limbs in group 2, and 34% of limbs
in group III. An abnormal CFA waveform contour (monophasic or biphasic) differentiated group 1 from groups 2 and
3, with 95% sensitivity, 89% specificity, 89% positive predictive value (PPV), 95% negative predictive value (NPV), and
92% accuracy. Mean PSV and acceleration time for monophasic and biphasic waveforms were 39 cm/sec  19, 178 msec
 36 vs 95 cm/sec  67, 97 msec  31 respectively (P < .05). In differentiating between groups 2 and 3, the specificity,
PPV, and accuracy for CFA PSV of <45 cm/sec alone and for the PSV <45 cm/sec combined with a CFA monophasic
waveform were 89%, 76%, 85% and 97%, 92%, 88%, respectively. Concomitant significant superior femoral artery and
bilateral iliac disease did not influence these findings.
Conclusion: CFA PSV 45 cm/s or less combined with a monophasic waveform is highly predictive of ipsilateral iliac
occlusion. These results were independent of contralateral iliac and distal superior femoral artery disease. CFA color
duplex US scanning may be considered an alternative technique to direct duplex scanning of the aortoiliac segment in
patients being evaluated for inflow endoluminal or bypass procedures. (J Vasc Surg 2003;37:960-9.)
Accurate assessment of aortoiliac occlusive disease is
critical in patient selection for endoluminal and bypass
procedures. Arteriography is the diagnostic test of choice
for evaluating aortoiliac occlusive disease before lower ex-
tremity revascularization, because it defines the degree and
extent of the diseased arterial segments and aids in selecting
the most appropriate intervention for correcting inflow
disease.1-4 However, this diagnostic method is invasive and
expensive, and is associated with local and systemic compli-
cations in 4% to 9% of patients.5-7
Color duplex ultrasound (CDU) scanning is a nonin-
vasive and cost- effective diagnostic method8-10 that is
considered by many as the definitive preoperative mapping
tool before carotid intervention.11-16 The utility of CDU
scanning, however, as the sole preoperative mapping
study10,17-30 for aortoiliac occlusive disease in need of
intervention remains under scrutiny.2,31-35 Moreover, with
increasing availability of intraoperative high-resolution dig-
ital fluoroscopy, a paradigm shift in vascular intervention
has evolved in which strategic or selective intraoperative
arteriography is performed concomitant with the desired
intervention, whether catheter- directed, endarterectomy,
or bypass grafting. This one-step management approach
requires a reliable noninvasive tool that allows for accurate
prediction of the nature and location of suspected diseased
segments.
Although direct visualization of the aortoiliac segment
with CDU scanning is feasible,1,8,9,37 the study is lengthy,
requires patient overnight fasting, and does not visualize
the entire length of the aortoiliac segment in 5% to 25% of
patients, because of such factors as intestinal gas, obesity,
vessel depth, difficult angle of insonation, calcification, and
vessel tortuoisity.38,39 Various indirect noninvasive tech-
niques for assessment of aortoiliac occlusive disease utiliz-
ing common femoral artery (CFA) Doppler spectral wave-
form analysis have been used with varying success.40-47
Most of these indices require off-line processing and com-
From the Department of Surgery, Section of Vascular Surgery, University of
Chicago.
Competition of interest: none.
Presented at the Twenty-sixth Annual Meeting of the Midwestern Vascular
Surgical Society, Madison, Wis, Sep 12-14, 2002.
Reprint requests: Hisham S. Bassiouny, MD, University of Chicago, Depart-
ment of Surgery, Vascular Section, 5841 S Maryland Ave, MC 5028,
Chicago, IL 60637 (e-mail:hbassiou@surgery.bsd.uchicago.edu).
Copyright © 2003 by The Society for Vascular Surgery and The American
Association for Vascular Surgery.
0741-5214/2003/$30.00  0
doi:10.1067/mva.2003.282
960
plex calculations,41,47,48 while other techniques are af-
fected by distal outflow disease.41,42,47,49,50
We investigated the diagnostic accuracy of CDU-de-
rived CFA hemodynamics, ie, peak systolic velocity (PSV)
and waveform contour, alone or in combination, in detect-
ing hemodynamically significant aortoiliac occlusive disease
and predicting its severity (50% stenosis vs occlusion),
while accounting for other anatomic variables such as bilat-
eral iliac and distal outflow disease.
METHODS
Patients
In this retrospective case-control study (January 1997
to June 2001), we reviewed findings from clinical examina-
tion, lower extremity noninvasive evaluation, and arteriog-
raphy for 132 patients (253 limbs) with lower extremity
chronic arterial insufficiency. Patients with significant CFA
occlusive disease (n  24 limbs), aortobifemoral bypass
graft (n  8 limbs), or ipsilateral major amputation (n  7
limbs) were excluded, allowing study of 214 limbs. Signif-
icant (50% or greater) CFA occlusive disease was deter-
mined by increased PSV at the stenosis to twice the PSV
measured proximal to the stenosis.
Mean patient age was 65  14 (SD) years; 47% of
patients were men. At presentation, 65% of limbs had
intermittent claudication and 35% had rest pain and tissue
loss. Comorbid medical conditions included hypertension
(67%), diabetes mellitus (42%), smoking (26%), and coro-
nary artery disease (25%).
Noninvasive arterial evaluation
At our institution, patients with lower extremity arterial
insufficiency follow an Intersocietal Commission for Ac-
creditation of Vascular Laboratories–approved arterial test-
ing algorithm. Room temperature is kept at 65° F to 75° F,
and patients rested for at least 15 minutes prior to nonin-
vasive examination, selective femoropopliteal CDU scan-
ning. Patients with abnormal ankle-brachial index (0.9 or
less) or pedal waveforms, by continuous-wave Doppler, are
subjected to femoropopliteal CDU scanning. Studies were
performed with an ATL HDI 3000, ATL HDI 5000
(Advanced Technology Laboratories, Bothel, Wash), or
Acuson Sequoia 512 (Acuson Corp, Mountain View, Calif)
US scanner with a linear array 4 to 7 MHz transducer. The
CFA waveforms were interpreted by three registered vascu-
lar technologists (E.F.-S., M.C., L.L.) blinded to the arte-
riographic findings. CFA evaluation included CDU-de-
rived qualitative and quantitative CFA hemodynamic flow
parameter assessment.
Qualitative assessment. The CFA Doppler spectral
waveform contour was classified into three types. A sharp,
narrow, and tall systolic upstroke and two or three wave-
form phases including an element of reverse diastolic flow
were features of a normal triphasic waveform contour.
Abnormal waveforms included biphasic and monophasic
waveform configurations. A biphasic waveform was charac-
terized by sharp, tall, narrow systolic upstroke but absent
reverse diastolic flow component, with continuous forward
flow during diastole. A monophasic waveform was charac-
terized by blunt, short, widened systolic upstroke and
continuous forward flow during diastole (Fig 1).51
Quantitative assessment. Quantitative assessment in-
cluded CFA PSV centerline sampling with a 4 to 7 MHz
probe at a 60-degree angle of insonation of multiple (2-4)
CFA PSV measurements. The highest PSV was considered
the representative value.
Acceleration time. Hard copy duplex US scans of the
CFA spectral waveform were digitally scanned and magni-
fied. Acceleration time of the various abnormal CFA wave-
form contours was measured (in milliseconds) with a Na-
tional Institutes of Health (Bethesda, Md) software analysis
program.
Arteriography
Aortography and lower extremity distal runoff was
considered the standard with which CFA hemodynamic
Fig 1. Monophasic (A), biphasic (B), and triphasic (C) common
femoral artery Doppler spectral waveform contour.
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parameters (waveform contour, PSV) were compared. Ar-
teriograms were interpreted by two radiologists (W.S.,
H.B.). Caliper measurement was performed at the site of
maximal diameter reduction and was compared with the
proximal “normal” vessel to calculate percent stenosis. The
most severe degree of stenosis was considered representa-
tive when biplanar views were available. Arteriographic
severity of aortoiliac occlusive disease was subdivided into
three groups: group 1, normal or hemodynamically insig-
nificant (50%) stenosis; group 2, hemodynamically signif-
icant (50%) stenosis; and group 3, total aortoiliac occlu-
sion. The presence of significant (50% stenosis) superior
femoral artery (SFA) disease was determined in groups 2
and 3. In addition, the presence of significant profunda
femoral artery (PFA) disease was documented.
Data analysis
Results of noninvasive studies (CDU-derived CFA
waveform contour and PSV) were compared, indepen-
dently and in combination, with the arteriographic disease
categories using probability and receiver operating charac-
teristic curve (ROC) analysis. Differences in CFA PSV
between groups 2 and 3 with contralateral iliac and signif-
icant downstream occlusive disease were compared with a
two-tailed Student t test. Differences in scattergram distri-
bution analysis of CFA PSV and acceleration time for
biphasic and monophasic waveform contours were assessed
with the Wilcoxon signed-rank test.
RESULTS
Arteriographic findings
Among 214 limbs eligible for study, 102 limbs (48%)
had hemodynamically significant aortoiliac occlusive dis-
ease (50% stenosis in group 2, aortoiliac occlusion in
group 3), and 112 limbs (52%) had a normal aortoiliac
segment or hemodynamically insignificant aortoiliac occlu-
sive disease (50% stenosis in group 1). Mean percent
arteriographic stenosis was 36% (range, 0%-48%) in group 1
versus 79% (range, 55%-92%) in group 2. Of 102 limbs with
hemodynamically significant aortoiliac occlusive disease, 70
limbs (69%) harbored stenosis 50% or greater and 32 limbs
(31%) had complete occlusion. Bilateral disease was present
in 64 limbs (63%) with significant aortoiliac occlusive dis-
ease. Concomitant SFA arteriographic stenosis 50% or
greater or occlusion was present in 53 limbs in group 1
(47%), 37 limbs in group 2 (53%), and 11 limbs in group 3
(34%). Prevalence of significant SFA disease was not differ-
ent between the three groups (P  .05). Concomitant
significant SFA and PFA disease was present in only 5% (5
of 102 limbs) of limbs with significant aortoiliac occlusive
disease.
CFA CDU scanning hemodynamic parameters
CFA waveform. CFA waveform contour analysis re-
vealed that 89% of limbs with hemodynamically insignifi-
cant aortoiliac occlusive disease had a normal triphasic
waveform, whereas 95% of limbs with significant aortoiliac
occlusive disease (50% stenosis, occlusion) had an abnor-
mal (biphasic or monophasic) waveform (Fig 2). An abnor-
mal CFA waveform contour could reliably discriminate
between group 1 and groups 2 and 3, with 95% sensitivity,
89% positive predictive value (PPV), and 92% accuracy
(Table I).
In group 2, 94% of limbs with 50% or greater aortoiliac
stenosis had a biphasic CFA waveform, whereas 78% of
limbs with total aortoiliac occlusion had a monophasic CFA
waveform (Figs 3 and 4). A monophasic CFA waveform
differentiated between 50% or greater aortoiliac stenosis
and total occlusion with 94% specificity, 86% PPV, 90%
negative predictive value (NPV), and 89% accuracy (Table
II).
CFA PSV. Using ROC curve analysis, a threshold
CFA PSV of 45 cm/s or less yielded the best probability
values in identifying groups 2 and 3 (Table III). In group 2,
89% of limbs had CFA PSV more than 45 cm/s, whereas in
group 3, 78% of limbs had a CFA PSV 45 cm/s or less. CFA
PSV 45 cm/s or less differentiated between 50% or greater
aortoiliac stenosis and occlusion with 89% specificity, 76%
PPV, 90% NPV, and 85% accuracy (Table III).
Specificity was 97%, PPV was 92%, and accuracy was
88% for CFA PSV 45 cm/s or less combined with a
monophasic CFA waveform contour in differentiating be-
tween groups 2 and 3 (Table IV).
Quantitative assessment of abnormal CFA waveform
contour
CFA PSV. Scattergram distribution of CFA PSV in
limbs with a biphasic or monophasic waveform, as subjec-
tively characterized, revealed that 88% of biphasic wave-
forms were associated with CFA PSV greater than 45 cm/s,
whereas 86% of monophasic waveforms had a PSV of 45
cm/s or less (P  .05). Mean CFA PSV of limbs with
biphasic and monophasic waveforms was significantly dif-
ferent (95  67 cm/s vs 39  19 cm/s; P  .05).
Acceleration time. A threshold value of 137 msec
appeared to reliably discriminate between a biphasic and
monophasic waveform upslope, with 93% of the monopha-
sic waveforms having an acceleration time of 137 msec or
greater and 80% of biphasic waveforms having acceleration
time of 137 msec (P  .05). Mean acceleration time in
limbs with biphasic and monophasic CFA waveform con-
tour was significantly different (178 36 msec vs 97 31
msec; P  .05).
Contribution of bilateral iliac disease, SFA disease,
and gender to CFA hemodynamics
No significant difference was found in mean CFA PSV
in patients with unilateral or bilateral significant iliac disease
in groups 2 and 3 (95 cm/s vs 110 cm/s, and 37 cm/s vs
40 cm/s, respectively; P  .05; Table V). Similarly, there
was no significant difference in CFA PSV in patients in
either group 2 or 3 with or without SFA disease (107 cm/s
vs 89 cm/s, and 38 cm/s vs 36 cm/s, respectively; P .05;
Table VI).
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Moreover, no significant differences were found be-
tween PSV in women and men in either group 2 (107 73
cm/s vs 92  62 cm/s, respectively; P  .05) or group 3
(42  18 cm/s vs 37  20 cm/s; P  .05).
DISCUSSION
In a busy vascular laboratory, an accurate, simple, and
rapid screening technique which can reliably detect signif-
icant aortoiliac occlusive disease and predict its severity is
highly desirable. Despite the feasibility of direct aortoiliac
duplex scanning, the method is time-consuming and re-
quires patient preparation, and fails to detect significant
aortoiliac occlusive disease in 5% to 25% of patients.38,39 At
our vascular laboratory, aortoiliac duplex scanning carries a
35% failure rate, because of patient factors such as obesity,
excessive intestinal gas, and inadequate preparation.
Noninvasive indirect assessment of the aortoiliac seg-
ment with CFA Doppler flow spectral waveform analysis
was initially described in the mid-1970s.43,52,53 Investiga-
tions into pulsed- Doppler signal analysis54 have focused on
the value of such hemodynamic parameters as pulsatility
index,45,55 systolic acceleration,43,45 and maximum reverse
flow.45,54,55 Others have derived mathematical techniques,
eg, Laplace transform56 and principal component analy-
sis.57 The value of the pulsatility index is limited by CFA
outflow disease,54,56 and several of the other parameters
require complex calculations45,55-57 and offline postpro-
cessing.52,57 For these reasons, few if any of the above
techniques have gained wide clinical use for evaluating
aortoiliac occlusive disease.
In the current study, CDU-derived CFA PSV and
waveform contour were evaluated as simple, quick, on-line
and reliable diagnostic criteria to detect significant aor-
Fig 2. Aortoiliac arteriogram (center) shows right-sided hemodynamically insignificant (50%) aortoiliac occlusive
disease and 50% or greater left-sided iliac stenosis, with corresponding color duplex US scan–derived common femoral
artery waveform contours (insets).
Table I. Probability values of CFA waveform contour to
differentiate between group 1 and groups 2 and 3
Probability
value
Monophasic or biphasic
CFA waveform
Sensitivity (%) 95
Specificity (%) 89
PPV (%) 89
NPV (%) 95
Accuracy (%) 92
Group 1, 50% aortoiliac stenosis; group 2, 50% stenosis; group 3, total
occlusion.
CFA, Common femoral artery; PPV, positive predictive value; NPV, nega-
tive predictive value.
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toiliac occlusive disease and assess its severity. Abnormal
CFA waveform contour alone reliably detected hemody-
namically significant aortoiliac occlusive disease with 95%
sensitivity, 89% specificity, and 92% accuracy. Our results
concur with those of other studies, which have shown that
qualitative interpretation of CFA waveform contour can
detect significant aortoiliac occlusive disease with close to
90% accuracy. However, these analyses did not differentiate
between 50% or greater aortoiliac stenosis and occlu-
sion.18,47,58,59
Among limbs with significant aortoiliac occlusive dis-
ease, we assessed whether qualitative characterization of
CFA waveform contour could further differentiate between
ipsilateral 50% or greater iliac stenoses and occlusions.
Ninety-four percent of limbs with 50% or greater stenosis
had a biphasic CFA waveform, whereas 78% of limbs with
iliac occlusion had a monophasic CFA waveform, as deter-
mined with CDU scanning and pulsed Doppler spectral
analysis. CFA waveform differentiated between ipsilateral
50% or greater iliac stenosis and occlusion with 94% speci-
ficity, 86% PPV, and 89% accuracy.
In addition to CFA waveform qualitative analysis, the
predictive value of CFA PSV as a novel quantitative flow
parameter in assessing aortoiliac occlusive disease severity
was analyzed. Using ROC curve analysis of CFA, we found
that 89% of limbs with 50% or greater iliac stenosis had CFA
PSV greater than 45 cm/s, whereas 78% of limbs with iliac
occlusion had PSV 45 cm/s or less. CFA PSV alone had
78% sensitivity, 89% specificity, and 85% accuracy in differ-
entiating between 50% or greater aortoiliac arteriographic
stenosis and occlusion. CFA PSV was not significantly
different between limbs with less than and 50% or greater
arteriographic iliac stenosis.
When both CFA PSV and monophasic waveform con-
tour were combined, the probability for discriminating
between 50% or greater stenosis and occlusion improved,
yielding 97% specificity, 92% PPV, and 88% accuracy. Re-
duced sensitivity (69%, 30% false negative rate) of each
parameter in differentiating between significant aortoiliac
occlusive disease (group 2) and total aortoiliac occlusion
(group 3) was observed. It should be noted, however, that
the clinical value of sensitivity as a probability index lies in
the detection of disease when disease is present (normal, or
group 1, vs significant aortoiliac occlusive disease, or
groups 2 and 3). In this regard, sensitivity was 95%. After
disease is detected, the statistical relevance of sensitivity
analysis becomes less relevant for discriminating between
subsets of hemodynamically significant aortoiliac disease,
particularly if two or more hemodynamic parameters in
combination are tested in the probability analysis. In this
Fig 3. Aortoiliac arteriogram (center) shows right-sided total external iliac occlusion and left-sided more than 90%
iliac stenosis, with corresponding color duplex US scan–derived common femoral artery waveforms (insets).
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instance, specificity and PPV become more clinically rele-
vant probability values in differentiating between groups 2
and 3, with hemodynamically significant disease already
present. The higher false negative rate may also be related
to CFA flow augmentation by robust collateral flow, CFA
flow acceleration in limbs with distal external iliac artery
disease, and sampling of CFA flow velocity at a branch
orifice or within a collateral vessel. Accurate positioning of
the pulsed Doppler cursor to avert sampling of collateral
flow as well as direct evaluation of distal external iliac vessels
should help alleviate these inherent study limitations.
In addition to qualitative CFA spectral waveform anal-
ysis, we studied the value of the CFA PSV and acceleration
time as quantitative measures which may be helpful in
confirming the subjective analysis of waveform contour and
may help reduce intraobserver and interobserver variability.
A threshold CFA PSV and acceleration time of 45 cm/s
and 137 msec, respectively, reliably distinguished between
biphasic and monophasic CFA waveforms.
The contribution of other anatomic confounding vari-
ables, eg, contralateral iliac and CFA outflow disease in
CFA hemodynamic assessment of aortoiliac occlusive dis-
ease, was also addressed. There was no significant difference
in the sensitivity and specificity of CFA waveform contour
between limbs with contralateral normal iliac segments
Fig 4. Aortogram (center) shows total occlusion of infrarenal distal aorta and bilateral iliac systems, with bilateral
monophasic common femoral artery waveform and peak systolic velocity 45 cm/s or less (insets).
Table II. Probability values of monophasic CFA
waveform contour to differentiate between groups 2
and 3
Probability
value
Monophasic
CFA waveform
Sensitivity (%) 78
Specificity (%) 94
PPV (%) 86
NPV (%) 90
Accuracy (%) 89
Group 2, 50% aortoiliac stenosis; group 3, total occlusion.
CFA, Common femoral artery; PPV, positive predictive value; NPV, nega-
tive predictive value.
Table III. Probability values of various thresholds of
CFA PSV for differentiating between groups 2 and 3
Probability value
PSV
50 46 <45 44 40
Sensitivity (%) 81 78 78 75 63
Specificity (%) 79 87 89 89 90
PPV (%) 63 74 76 75 74
NPV (%) 90 90 90 89 84
Accuracy (%) 79 84 85 84 81
Group 2, 50% aortoiliac stenosis; group 3, total occlusion.
Numbers in boldface represent
CFA, Common femoral artery; PSV, peak systolic velocity; PPV, positive
predictive value; NPV, negative predictive value.
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(73% vs 80%) or significantly diseased iliac segments (88%
vs 97%). The presence of bilateral significant aortoiliac
disease had minimal effect on CFA PSV measurements in
patients with unilateral and bilateral 50% or greater stenosis
and occlusion.
While previous reports have indicated that significant
SFA occlusive disease is a confounding variable in CFA
waveform analysis for aortoiliac occlusive disease,55,60 our
results indicate that significant SFA occlusive disease did
not adversely influence the predictive value for both CFA
waveform and PSV parameters for group 2 and 3 aortoiliac
occlusive disease. CFA PSV was similar in limbs with or
without SFA disease for both 50% or greater aortoiliac
stenosis and occlusion, presumably because of adequate
PFA runoff. Haimovici et al61 reported an incidence of only
9.5% for significant atherosclerotic PFA involvement in
patients with chronic lower extremity disease. In this study,
only 5% of limbs with significant aortoiliac occlusive disease
had concomitant significant SFA and PFA disease, and were
included in the subset of limbs with significant CFA which
were, by study design, excluded from this analysis. Hence
most of our patients had at least one outflow artery acting as
the distal runoff.
In addition to CDU scanning of the aortoiliac segment,
other screening tests available for preoperative evaluation of
aortoiliac occlusive disease include computed tomography
and magnetic resonance angiography. Computed tomog-
raphy is currently of limited value for evaluation of lower
extremity arterial insufficiency, because of inconvenient
craniocaudal extent.62 And although the resolution of
magnetic resonance imaging is improving,63,64 the exami-
nation is costly and logistically difficult.65
Our proposed diagnostic and therapeutic algorithm for
treating symptomatic lower extremity arterial insufficiency
requiring intervention includes preoperative femoropopli-
teal duplex scanning, with special attention to CFA PSV
and waveform contour, to detect the hemodynamic signif-
icance and nature of aortoiliac occlusive disease. After se-
lective cardiac risk assessment, the patient is examined in
the hybrid operating room suite with arteriography, and
treatment is administered as deemed necessary. Options
may include iliac or femoropopliteal angioplasty with or
without stenting, aortofemoral or extra-anatomic bypass
grafting, femoropopliteal bypass above or below the knee,
or distal bypass grafting. An important caveat is that pa-
tients with suspected severe infrapopliteal disease at clinical
and noninvasive evaluation should undergo preoperative
arteriography, because in some of these patients a distal
renal artery may be unavailable.
In conclusion, CDU-derived CFA PSV and waveform
contour accurately reflect severity (50% or greater stenosis
vs occlusion) of aortoiliac inflow disease. PSV of 45 cm/s or
less combined with a monophasic CFA waveform is highly
predictive of ipsilateral iliac occlusion and is not influenced
by bilateral iliac or distal SFA outflow disease. These new
findings support use of this technique as a preoperative
noninvasive diagnostic tool for evaluating the likelihood of
treating significant aortoiliac occlusive disease with endo-
vascular or operative management. Future prospective
studies comparing aortoiliac and CFA CDU scanning with
arteriography may further help in resolving which of these
techniques is the most accurate noninvasive technique for
characterizing severity of aortoiliac occlusive disease.
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DISCUSSION
Dr Blebea. I would like to thank the authors for the oppor-
tunity to review the manuscript before today’s meeting. Drs
Shaalan and Bassiouny and their colleagues are to be congratulated
for investigating an area of vascular diagnosis that has defied
quantitation and standardization for over three decades. With this
study, they have attempted to define specific duplex criteria for
proximal iliac artery stenosis and occlusion. I have several com-
ments and questions for the authors.
A primary component of this analysis was the Doppler wave-
form configuration. We all can recognize and distinguish a normal
triphasic wave form and a completely flatline monophasic one.
There are, however, no objectively established and verified criteria
to differentiate one person’s biphasic wave form from another
person’s monophasic wave form. This is very much a qualitative
judgment. My first question is, Who interpreted the waveforms for
the study? Were they blinded to the peak systolic velocity and
angiographic results at the time? And did you do any intra- and
interobserver variability analysis to document that such interpreta-
tions are both reliable and reproducible?
The probability values for both waveform configuration and
common femoral artery peak systolic velocity were overall quite
good. However, most of these comparisons were between either
the stenosis and occlusion groups or between the normal and the
combined group 2 and 3 composed of both the stenosis and
occlusion groups. This seems to be a bit of a setup for good results,
because diagnosing the occlusion group is relatively easy. What are
the accuracy rates in distinguishing between the more difficult and
clinically more relevant groups of normal versus hemodynamically
significant stenoses?
Although the positive predictive value increases when combin-
ing a monophasic wave with the peak systolic velocity of less than
45 cm per second, this comes at the cost of decreasing your
sensitivity in differentiating between stenotic lesions and occlu-
sions. Do you think that the addition of this qualitative waveform
interpretation really adds that much value, instead of simply using
the objective peak systolic velocity alone?
Finally, are these criteria an example of too little too late? With
the availability of modern color flow duplex technology to directly
image the iliac vessels and visualize, certainly occlusions and often
stenoses, do we really need to limit ourselves to an indirect evalu-
ation at the level of the common femoral artery?
The authors quote a 5 to 25% inability to directly evaluate the
iliac vessels with duplex. Although this can certainly occur, your
study excluded 39 of 264 limbs in the manuscript, or 15% of
patients from your analysis, due to either common femoral artery
disease, previous inflow procedures, or distal amputations. Most
experienced vascular technologists can do an adequate study in
85% or more of patients. Why not directly image the iliac vessels, or
at least in your next study prospectively compare your proposed
criteria with direct examination of the iliac vessels?
Thank you very much. I enjoyed reading the manuscript.
Dr Wael Shaalan. Thank you, sir, for your comments and
questions.
Two registered vascular technologists interpreted the wave-
forms, with the supervision of other investigators. They were
blinded to the angiographic findings but not to the peak systolic
velocity. We did not do any intra- or interobserver variability
analysis.
Regarding the differentiation between normal and stenotic
groups (group 1 and group 2, respectively), we did have data that
show that out of 112 patients with normal aortoiliac, 100 had
triphasic waveform, while out of 70 patients with significant aor-
toiliac stenosis, 66 had biphasic waveform. We found that CFA
waveform could differentiate between group 1 and group 2 with a
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sensitivity, specificity, and accuracy of 92%, 90%, and 85%, respec-
tively. Actually, we did not find a significant difference between the
two groups regarding the CFA peak systolic velocity.
Despite combining the CFA waveform and peak systolic ve-
locity, it decreased the sensitivity of such hemodynamic parame-
ters, yet it led to improvement in specificity, PPV, and accuracy.
Common femoral artery PSV alone had a specificity, PPV, and
accuracy of 89%, 76%, and 85%. When PSV is combined with CFA
waveform, the diagnostic accuracy of the probability values in-
creased to 97%, 92%, and 88%, respectively.
Regarding the exclusion percentage (15%), we had 132 pa-
tients with 264 limbs. Fifty limbs were excluded due to the
following reasons: CFA significant disease  24 limbs, previous
inflow procedure to the CFA  8, major amputation  7, ipsilat-
eral iliac aneurysm  4, and unavailable arteriograms for compar-
ison 7. From the aforementioned list of causes, it is apparent that
the only relevant exclusion criterion that should be considered is
the presence of significant CFA disease, which accounts only for
10% of the total number of limbs included in the study (24 out of
238). Moreover, the main advantage of the indirect method,
besides being simple and accurate, over the direct iliac vessels
visualization is that it is not time-consuming and could be used as
an alternative to the more time-consuming direct visualization,
which needs patient preparation, at least overnight fast. This is
especially true in the setting of a busy vascular laboratory with the
shift toward doing the definitive diagnostic tool—intraoperative
angiography—as a one-stop shopping approach to the manage-
ment of lower extremities revascularization.
We intend to prospectively compare these hemodynamic cri-
teria with the direct duplex scanning of the iliac vessels.
Dr William Flinn (Baltimore, Md). Excellent presentation,
Dr Shaalan. You know we have spent decades trying to use simple
noninvasive assessments of accessible vessels to intuit hemody-
namic, anatomic, and morphologic information about inaccessible
vessels. This is the reason flow velocity waveforms were added to
the original segmental pressure measurements of lower extremity
continuous-wave Doppler exams. One of the shortfalls of those
examinations tended to be the precise anatomic location of the iliac
lesion. As you have so importantly pointed out, the morphology
and location of iliac lesions, particularly vis-a-vis endovascular
interventions, is an important one.
Were you able to stratify your findings in any way for lesions
present in the external iliac compared with perhaps the proximal
common iliac? They certainly would have difference in terms of the
implications for the success of treatments?
Secondarily, and more pragmatically, since you seem to have
done very well detecting the iliac artery occlusions, do you use this
parameter now in your clinical practice? If a patient presents to you
with severe claudication and has aortoiliac disease and a flow
velocity of 45, would you not perform an arteriogram, knowing
that patient has an occlusion and would require surgery and
perhaps not be able to be treated with an angioplasty or stent?
Dr Shaalan. Thank you, sir.
Regarding stratification of lesions as for their location in the
common or external iliac vessels, we were not able to differentiate
between the external and common iliac lesions, depending on our
parameters. This is partly because we did not have enough num-
bers to categorize the anatomic location of the lesions.
Regarding the algorithm for the management of lower ex-
tremity ischemia, these parameters could be used as an adjuvant
technique to the more definitive diagnostic tool, ie, arteriography.
It can guide the management approach by, first, selectively detect-
ing those who need an arteriography, and saving those who have
normal aortoiliac segment from having unnecessary aortoiliac ar-
teriography. Secondly, it helps determine the route and approach
for the arterial puncture, may it be right, left, femoral, or brachial
approach, avoiding the side with total occlusion and saving the
patient multiple arterial punctures.
At our institution, some surgeons depend on the preoperative
noninvasive indirect screening tests to guide their intervention,
whether it be endovascular catheter-directed or open surgery.
Others still prefer to do conventional preoperative arteriogram.
Dr Flinn. It was mentioned that you excluded patients with
common femoral artery occlusive disease. Did you have a certain
criteria? How did you end up excluding those patients? Was it
based on your color flow duplex?
Dr Shaalan. Exclusion criteria of CFA significant disease was
duplex-derived peak systolic velocity at the CFA equal to or more
than double the PSV in the preceding normal arterial segment, as
well as a B-mode image measurement showing a diameter reduc-
tion of 50% or more.
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